Identification and evaluation of urban rail transit operating hazard can prevent accidents, and minimize damages caused by the accidents. In the process of urban rail transit operations, various factors may interact with each other that they function with. After analyzing the security factors of urban rail transit, the urban rail transit hazards are identified. According to the characteristics of urban rail transit systems, three hazard factors such as the potential risk, the existence conditions and trigger factors are chosen as the evaluation indicators. The approach of Grey Correlation Analysis is introduced and used for analyzing and determining the extent of the influences among the factors in a system and the degree of correlation among these factors. The grey incidence method is used for evaluating the hazards of urban rail transit dynamic operating systems and conducting quantitative analysis of risks in the operation process. By studying the actual operating situation of Tianjin metro, the risk points and the hazards of correlation degree are identified in this paper; and the relative high risk hazards are obtained. The calculated results of hazards show consistency between the model and the real situation and feasibility of the method. This research provides a new way to identify and evaluate the hazard of urban rail transit.
Urban rail transit plays an important role in relieving the urban traffic pressure. Though it brings convenience to residents, the security problem has been more and more pressing. Identification and evaluation of the hazards of urban rail traffic can guarantee the safe operations in urban rail transit, to some extent. It is not only the basic prevention of all kinds of accidents, but also the premise that the loss falls to the lowest.
Based on the field research, the author analyses both the accidents in the operation and the impact factors in the safety of urban rail transit. Through comparing the hazard identification and evaluation methods both in China and overseas, the urban rail transit hazards are collected and sorted in the paper. Finally, according to the characteristics of the urban rail traffic system, the urban rail hazards have been evaluated using the grey correlation degree analysis method; and furthermore, the Tianjin metro hazards are taken for example to demonstrate the feasibility of the method proposed in this paper.
Analysis on urban rail transit safety factors
The analysis of the urban rail transit safety is the foundation and basis of the identification and evaluation of the urban rail transit hazard. It is also the key part in developing the urban rail hazard evaluation model. The basic elements that impact the rail traffic safety are human, machine, environment and management. People are divided into persons in and out of the system. Machine risk factors mainly refer to an unsafe state of object which is divided into line, rail, equipment, vehicles. The factors in management are the weak responsibility of leaders in safety, the imperfect safety management institution, the imperfect safety education and training system, the unclear safety standard, the unscheduled implementation of the safety countermeasures, the unreasonable labor organization and so on. The environmental risk factors include internal environment and external environment; the external environment can be divided into the natural environment and social environment. The city rail transit operation safety factors are shown in Fig.1 . Through the analysis of the impact factors and the consideration of common accidents in the urban rail operation, the cause of the accident can be found out; and identification of hazards can be realized by combining the accident and safety factors.
Evaluation of urban rail transit hazard based on the grey system theory
The evaluation system of urban rail transit hazards is a gray system in which some part of information section is known, while the other part is unknown. The evaluation of hazards identification involves all aspects of urban rail operation and it is difficult to fully analyze and control, due to all kinds of factors which play a key role in reliability, security and economy. Gray correlation analysis method is based on the similar or different development trend of the degree among factors to measure the degree of association between factors. This method dose not required excessive amounts of sample, typical distribution or large amount of computation. In this paper, the gray correlation analysis method is used for evaluation of the hazards classification.
The evaluation indicator
Three composition elements of hazards have been chosen. Potential risk, existing conditions and triggering factors are used as risk assessment indicators, when evaluating the hazards using gray system correlation analysis method.
First the following parameters are given: 
Data acquisition and sorting
The acquisitions of indicators' value come from the evaluation when assessors evaluate the object. As the LEC method has a strong subjective scoring, the choice of assessors has a great impact on the effectiveness of evaluation results. Therefore, when calculating the indicator parameters, this paper uses the methods by several different assessors including the management of Tianjin Metro, operators, designers and researchers. Each kind of assessors has a different weight, and in order to improve the reliability and validity of evaluation, weighted average is used to obtain the specific value of different indicators after scoring (Table 2) . 
Evaluation steps
The basic idea of using gray correlation analysis for urban rail transit hazards evaluation is: First determine each indicator value of hazards for evaluation. Second form a reference sequence using the relative optimization principles and then finds the correlation between the sequences of which composed every indicator of hazards for evaluation and the reference sequence. Last compare the value of each correlation, and then obtain the evaluation results of the risk degree of each hazard.
Specific steps are as follows:
Step 1 Using minimum value method for data pre-processing.
Step 2 Determine the reference sequence X 0 and the compare sequence X i . The reference sequence is formed by each optimal value of indicators.
Step 3 Calculate the absolute value of the difference between the reference sequence in each point and each sub-sequence (
(2) Step 4 Calculate the two level biggest differences and two level smallest differences.
Step 5 Calculate the correlation coefficients of each points between reference sequence and each subsequence. The calculate formula is as follows:
is resolution factor [0, 1] usually take 0.5 also in this paper takes 0.5.
Step 6 Calculate the correlation, calculate the average correlation coefficient.
Compare the correlation between the compared sequence X i and the reference sequence X 0 as follow:
Step 7 Sort the correlation.
Example application-Take Tianjin Metro for example
Based on the field research of Tianjin Metro, Reference to relevant national standards and reference to the results of hazards theoretical studies in both same industry and other industry, conclusions can be drawn, that the main existing risk points in Tianjin Metro are: Driving organization, passenger services, fire control, dispatch management, equipment management, operator safety, seasonal safety risks and other safety risk factors. In this paper, the evaluation for hazards based on the above risk points is studied. The table of indicator values for hazards evaluating is shown. Table 3 . Indicator values of hazards (continued)
Indicator values of hazards

Tianjin Metro hazards evaluation algorithm based on gray correlations
Based on the above table, the hazards evaluation parameter sequences of Tianjin Metro are: Other hazards parameter sequence follows the same mode. In three evaluate indicators, the optimal value is the smallest, which means that the reference sequence is made of each indicator's optimal value, so the hazards evaluation reference sequence of Tianjin Metro is : 0 0 0 0
(1), (2), (3) 0.38,0.50,1.00
Based on the step for evaluation in section 2.3, the sort of risk degree for each hazards are obtained, which is shown in Table 4 .
Evaluation conclusion
Based on the above calculation here comes to the conclusion: Among the hazards for evaluation, the most dangerous item is drivers' driving at high speed which can easily lead to collision, derailment and other traffic accidents. Compared with the accidents which has already occurred, it can be seen that the evaluation conclusion is basically in consistent with the actual situation.
The number of the hazards which have the correlation below 0.5 are: 88, 89, 25, 23, 82, 83, 40, 113, 24, which Driver aggressive violations, Driver inattention, ATO automatic control system failure, ATS automatic protection system failure, Passenger congestion, divert large passenger does not timely, Bad weather, Drivers speeding violation. The results show that the drivers play a vital role in city rail safety, and also should be bring attention on training and education of drivers and passengers. 
Conclusions
The conclusion is that the calculated results are basically in line with the actual situation, which verifies that the theory using the grey theory for hazard evaluation is feasible to some extent. Through combining the cause of the accident and security elements, this paper identifies the hazards, and also figures out three indicators value for the evaluation of hazards. Using grey correlation analysis method for risk evaluation of Tianjin Metro hazards, the correlation of each hazard can be calculated and the high or low risk degree among each hazard can be further obtained. More importantly, some pre-selected ranges of representative hazards have been researched, and the hazards which cannot be quantified still need indepth studies.
